Edge effects and linear canopy openings may change ecological patterns and processes on forests. Here we investigate if these openings in a lowland Brazilian Atlantic forest cause edge effects on seedlings. We sampled seedling communities at forest edges near to two linear canopy openings (gas pipeline and power line) and in interiors far from edges. Comparisons between the seedling communities were performed to access edge effects. Density and basal area patterns were compared using, hierarchical two-way ANOVAs and the number of newly germinated seedlings, mortality and resprouts were compared by one-way ANOVAs. The results showed that edge effects of linear canopy openings affect seedling communities leading to low densities on edges that showed less favorable conditions for arrival, establishment and initial survival. The basal area patterns were not affected by edge effects apparently by the resistance of the seedlings that have more than 4 mm diameter. Therefore, linear canopy openings caused edge effects, which determine low seedling densities on edges. However this pattern is not due to increase mortality on these edges, but probably caused by the reduction on germination and establishment.
Introduction
Habitat loss and fragmentation are among the most evident threats to biodiversity and the related edge effects may drastically change ecosystems structure and function [1] - [6] . The Brazilian Atlantic forest, one of the world's species-rich ecosystems [7] , was reduced to 11.7% of its original cover [8] and currently is restricted to remnant fragments [9] [10] that are potentially highly exposed to several threats. In this case, edge effects are important drivers of change when considering the physical and biotic alterations related to such artificial boundaries. Changes in resource availability, species interactions and disturbance patterns are expected in such human-modified habitats. Many studies have shown the consequences of edges effects in tropical forests [11] - [16] , but they are almost unknown the precise consequences on Atlantic forest regeneration patterns and, only recently, it was found that the creation of linear canopy openings caused edge effects on understory communities [17] .
Plant communities may also vary in impact resistance and resilience, and then in the human-induced complex scenario, it is also expected that local edge effects are site-specific and related to disturbance history. On the other hand linear canopy openings, such as gas pipeline and power lines are relatively controlled field experiments and allow us inferences about edge effects that are probably not confounded by other disturbances [17] [18]. Here we analyzed edge effect patterns on Atlantic forest woody seedlings. In this study, seedling communities at forest edges, adjacent to the linear canopy openings, and thus gas pipeline and power line, were compared with forest interiors used as control sites.
Material and Methods

Study Area
The União Biological Reserve (hereafter UNIÃO) is located in the state of Rio de Janeiro, southeastern Brazil (22˚27'30"S, 42˚02'14"W) inside one area of 2548 hectares. This protected area was created in 1998 mainly to preserve lowland Atlantic Forest remnants and the endangered Golden Lion Tamarin (Leontopithecus rosalia L.). Local climate is tropical wet, corresponding to Köeppen's Am and the mean annual precipitation is around 1600 mm, with a slight dry season between April and September and the mean annual temperature is 22˚C. The local vegetation is the typical Brazilian lowland Atlantic rain forest [19] with a high richness of late-successional tree species and a high basal area [18] . However, native habitats in some areas were replaced by anthropogenic scenarios like two linear canopy openings called here the gas pipeline (GP) and the power line (PL). The GP was created in the 1980s, it is 25 m wide, and was frequently maintained to keep only a herbaceous vegetation. The power line opening was created in the 1960s, it is 100 m wide, and is covered by early successional vegetation. Therefore, forest edges close to these canopy openings are exposed to contrasting matrix vegetation.
Sampling Design
In November of the year 2000, twelve plots (20 m × 50 m) subdivided into forty (5 m × 5 m) sub-plots were placed at UNIÃO forests. Four plots were located in Gas pipeline forest edges (sites GP) and the other four in Power line forest edges (sites PL). Remaining four plots were placed at forest interiors (400 m far from any edge; sites INTERIOR). Seedlings, thus, individuals that have less than 1 m height and/or 10 mm diameter, were sampled using 10 micro-plots (2 m × 1 m), stratified-randomly distributed within each sub-plot. Inside the microplots each individual plant had its diameter and height measured. Qualitative aspects of the individuals such as newly germinated seedlings (definition, see [20] ) and resprouting were also observed. After one year, thus, in November 2001, all individuals were re-measured and plots reanalyzed.
Comparisons
Comparisons between seedlings density and basal area per micro-plot were performed using, hierarchical twoway ANOVAs (plot nested within site) followed by Tukey (HSD, p < 0.05) a posteriori tests [21] . All data without normal distribution were prior transformed to log 10 
Results
The GP and PL edges always showed lower seedling densities when compared to the INTERIOR. In the years 2000 and 2001, recruitment was extremely low in edge sites, even excluding the expected pattern of high mortality of newly germinated seedlings. However, the mean basal area was similar between the sites, suggesting that the local seedlings are able to resprout or resist even facing the edge effects. Moreover, seedlings with more than 4 mm diameter apparently were more resistant to direct damage or edge effects and this fact was very important to the basal area patterns ( Table 1) .
Discussion
Edge effects are important ecological filters for plant establishment, survival, and growth [11] [23] and here the edge sites, thus, gas pipeline (GP) and power line (PL), showed less favorable conditions for establishment and initial survival of seedlings. Some years after the fragmentation, in the phase called "stagnation", seedling densities at the edges tend to be lower when compared to the forest interior [24] - [28] . These reductions may be caused by several factors such as the small recruitment [29] which can be originated from biotic [26] [30] or abiotic causes mainly derived from changes in disturbance regimes, species interactions and resource availability [2] [14] [31] .
Nevertheless, lower densities on edges may also be caused by limitations on the arrival of seeds. On tropical rainforests the dispersal in space, mediated by animals, may be negatively affected by the fragmentation [32] - [35] . In small forest fragments may also be a lower recruitment of seedlings of animal dispersed species [32] . In fact in some Atlantic Forest areas, an interruption in the dispersal processes by vertebrates may lead to a dominance of pioneer species with small seeds especially on edges [36] . The pattern of more abundance of disturbance-tolerant species in edges was previously observed for understorey plants [17] and trees [18] at the União Biological Reserve. Therefore, these linear canopy openings may contribute to change continually and permanently the patterns of occurrence of dispersal fauna, resulting in changes in the arrival of seeds in the adjacent forests.
The small seedlings are very susceptible to disturbances [37] [38] then it would be expected that these individuals had higher mortality [39] . On the other hand, observing the habitat, younger edges and contrasting limits (edge vs. matrix) in general have more intense effects on remnants [11] [40] [41] . Thus, gas pipeline (GP) showed the most unfavorable condition for seedlings with observed high mortality and lower recruitment.
Conclusion
Linear canopy openings may cause edge effects, promoting low seedling densities on edges by the reduction on germination and establishment. Therefore, these types of edge effects are distinct from those observed in typicaltropical forest fragments where the low densities are caused mainly by increase in mortality. Table 1 . Comparisons between seedling communities on the localities forest interior (IN), gas pipeline (GP) and power line (PL) at União Biological Reserve, Rio de Janeiro, Brazil. Densities (n) and basal areas (mm 2 ) per micro-plot were compared by two-way ANOVAs (nesting plot in locality). The number of individuals newly germinated, recruited, deads and resprouted per plot were compared by one way ANOVAs. Marked ( * ) F values indicates significant differences between localities and means (±standard deviation) followed by the same letter (a or b, on the lines) do not differ significantly (Tukey-type test, p < 0.05). 
